T he sex difference in blood pressure (BP) has long been recognized between premenopausal women and agedmatched men.
T he sex difference in blood pressure (BP) has long been recognized between premenopausal women and agedmatched men. 1 Women are protected from most cardiovascular events compared with age-matched men before menopause, and postmenopausal women are at increased risk of cardiovascular complications compared with premenopausal women. 2 The pathophysiological mechanisms have been extensively explored, and increasing evidences have shown that the female hormone is one of the major mechanisms contributing to the above phenomena. 3 Several studies have demonstrated the importance of the interaction between sex hormones and the renin-angiotensin system in regulating cardiovascular function and BP. 4, 5 Angiotensin-II (Ang-II) is a key player in the development of hypertension. Ang-II type-1 (AT 1 R) and type-2 (AT 2 R) receptors play opposite roles in BP regulation, 6, 7 with AT 2 R exerting a cardioprotective action in essential hypertension. 8 Early study demonstrates that AT 2 R provides a major clue for solving the mystery of sex differences in AT 2 R-mediated vasodilation 9 and hypertension. 10 However, the majority of researches on hypertension to date has been conducted in male animals and focused largely on the target organs, such as the heart, blood vessels, and kidney. The sex differences in neurocontrol of circulation at baroreflex level have almost been neglected although AT 1 R or AT 2 R has been identified in nodose ganglia (NG) or nucleus of tractus solitary (NTS). a female-specific subpopulation of low-threshold myelinated Ah-type baroreceptor neurons (BRNs), which presented not only in NG [13] [14] [15] [16] [17] [18] but also in NTS. 19, 20 Ah-type BRNs were rarely found in adult male rats and exhibited an excitability profile that was strongly influenced by circulating sex hormones 3, 18, 21 and neurotransmitters. 22, 23 Therefore, we speculated that the sex difference and afferent-specificity of AT 2 R expression in myelinated Ah-type BRNs may be greatly involved in the baroreflex afferent function of female rats.
Materials and Methods
All protocols about animals used in experiments were approved by Institutional Animal Care and Use Committee of Harbin Medical University, which are in accordance with the recommendations of the Panel on Euthanasia of the American Veterinary Medical Association and the National Institutes of Health publication "Guide for the Care and Use of Laboratory Animals (http://www.nap.edu/readingroom/ books/labrats/)." Systolic artery BP was measured by tail-cuff method (BP-98A, Saffron, Japan) 4 weeks after ovariectomy for the maximal reduction of the influence of circulatory estrogen. The tissues of NG and NTS were collected for molecular and immunohistochemical studies to assess AT 1 R and AT 2 R expression. The location of NTS was verified by the horizontal brain slice ( Figure S1 ). Isolated neurons and intact nodose slice were used for action potential (AP), repetitive discharge, N-type Ca 2+ currents (I Ca,N ), and large conductance Ca 2+ -activated K + currents (I BK-KCa ) recording by the standard whole-cell patch-clamp technique. 14, 24 An expanded methods section is available in the online-only Data Supplement.
Data Analysis
Clampfit (Molecular Devices, Sunnyvale, CA) was used for initial data readings and excel for statistical analysis (Microsoft, Northampton, MA). Trace filtering and data graphing were accomplished by origin (Microsoft). A paired t test and ANOVA where appreciated were used to compare the difference before and after treatment. The averaged data were presented as mean±SD. Fluorescent intensity or density was measured by Image-pro plus 5.0 25 (Media Cybernetics; Figure  S2 ). The P value of equal or less than 0.05 was considered statistically different.
Results

Sex-Specific Expression of AT 1 R and AT 2 R
In tissues, NG expressed nearly identical levels of mRNA and protein of AT 1 R among male, age-matched female, and ovariectomized female rats ( Figure 1A and 1C) . However, the mRNA and protein expressions of AT 2 R were significantly higher in females compared with age-matched males and ovariectomized rats (Figure 1B and 1D ; P<0.01). Interestingly, reduced expression of AT 2 R mRNA in ovariectomized rats was restored after 17-β estradiol (17β-E 2 ) administration ( Figure 2B ) without the change in AT 1 R mRNA expression (Figure 2A ).
Afferent-Specific Expression of AT 1 R and AT 2 R
Because of the presentation of multiple types of afferent neurons in NG, it would be necessary to explore AT 1 R and AT 2 R expression in individually identified BRNs to verify the specific expression pattern of these receptors. To answer this question, the single-cell real time-polymerase chain reaction (RT-PCR) was performed on electrophysiologically 14 and morphologically 26 identified A-, Ah-, and C-type BRNs isolated from adult female rats. 23 As shown in Figure 2C and 2D, all neuronal subtypes expressed both AT 1 R and AT 2 R, whereas the averaged expression level of AT 1 R was ≈4× to 5× higher in A-type neurons than that in Ah-or C-type neurons, and AT 2 R expression level was ≈7-fold higher in Ah-type neurons compared with A-or C-type neurons.
Immunohistochemical Study of ATRs
To further confirm the afferent-originated expression patterns, the immunohistochemistry was performed to test the colocalization of myelinated afferents with AT 1 R or AT 2 R. The data showed that the ATRs (Figure 3 ; Figure S3 ) were observed in both hyperpolarization-activated cyclic nucleotide-gated channel (HCN) 1-positive (myelinated, white arrow heads) and HCN1-negative (unmyelinated, blue arrow heads) neurons.
Apparently, AT 2 R located clearly at cell membrane, and the fluorescent intensity was significantly higher in HCN1-positive than HCN1-negative neurons of female rats. Although AT 2 R was detected in all afferent neurons of males, it mainly presented at cytoplasmic areas. Intriguingly, the expression pattern of AT 2 R in ovariectomized rats was similar to females, just that the fluorescent intensity was weaker in majority of HCN1-positive afferents. Except for that, the fluorescence was found in cytoplasmic area of some HCN1-positve neurons from ovariectomy, which is more like males (Figure 3 , asterisk; Table S1 ).
17β-E 2 Supplementation Reverses Arterial Hypertension in Ovariectomized Rats
The above data demonstrated a unique AT 1 R and AT 2 R expression in A-and Ah-type BRNs of female rats, which may, at least in part, mediate the sex difference in BP regulation. 24 To test this hypothesis, BP was measured in vivo in Figure 4 , the variations in BP within either tested group were markedly reduced and the difference in BP between groups were increased at the end of the second week (P<0.01 versus male), which was consistent well with our recent in situ measurement. 20 At the time point of 5 weeks after ovariectomy, the BP increased significantly to the level seen in age-matched males (P<0.01 versus preovariectomy) and gradually declined to the preovariectomized level after 3 consecutive weeks' supplementation with 17-E 2 (10 μg/kg; P<0.01).
Effects of Ang-II on Discharge Profiles of Identified Ah-Type BRNs
The published data from other group have shown that Ang-II increases neuroexcitability of nodose neurons 27 and this Ang-II-mediated effect is independent of AT 1 R activation. 12 In Figure 2 . addition, our previous data indicated that sex-specific distribution of myelinated Ah-type BRNs are likely to be involved in sex difference of neurocontrol of circulation, 3, 13, 21, 24 which supports the observation that the mRNA expression of AT 2 R was found mainly in myelinated Ah-types by the single-cell RT-PCR analysis ( Figure 2D ). Therefore, we hypothesized that Ang-II may excite Ah-type BRNs through AT 2 R-mediated pathway. In this regard, the effect of 100-nmol/L Ang-II on neuroexcitation of identified BRNs ( Figure 5A -5E) isolated from adult female rats was carried out. The results showed that, except for A-types ( Figure 5F ), the step depolarization (the intensity of current-injection: <200 pA for A-and Ah-types, and >400 pA for C-types, and also varied on individual neurons)-induced discharge profile was dramatically increased (P<0.01) in both Ah-and C-type BRNs ( Figure 5G-5I) .
Effects of Ang-II on I Ca,N in Identified Ah-Type BRNs Even though the N-type Ca 2+ currents (I Ca,N ) shows no effects on the neuroexcitability of A-type neurons, C-types could be excited by blocking ω-Conotoxin GIVA.
28, 29 However, whether I Ca,N is functionally expressed in myelinated Ah-types and modulates the discharge profiles has not been reported. In slice preparation 14, 28, 30 of adult female rats, Ah-type BRNs were identified by fluorescent staining and specific afferent conduction velocity ( Figure 6A ) in a similar percentage of distribution as reported previously. 13 The I Ca,N peaked at −10 mV was inhibited by ≈30% in the presence of 100-nmol/L Ang-II and further reduced (≈70%) by 1.0-μmol/L ω-Conotoxin GIVA ( Figure 6B-6C) . Interestingly, 1.0-μmol/L 17β-E 2 and estrogen receptor (GPR30) agonist G1 showed a similar inhibitory effect on I Ca,N , which was reversed by G15, a selective antagonist of GPR30. The inhibitory effect of 17β-E 2 on I Ca,N was partially alleviated by 30-μmol/L losartan (P<0.05 versus 17β-E 2 alone; losartanAT 1 R blocker) and 100-nmol/L PD123319 (PD, AT 2 R blocker; P<0.01 versus 17β-E 2 alone), and completely abolished by losartan plus PD. Consistently, 17β-E 2 -mediated I Ca,N inhibition was also mitigated by 100-nmol/L pertussis toxin (PTX, a blocker for G-protein-coupled receptor; Figure 6D ). The effect of Ang-II on I Ca,N was also tested in Ah-type neurons of nodose slices from 5-to 6-week old male rats. 31 Compared with adult females, the current density of I Ca,N was identical, which was only knocked down ≈10% by17β-E 2 of I Ca,N , even less by losartan and not by PD ( Figure 6D ).
Effects of Ang-II on KCa1.1 in Identified Ah-Type BRNs
To test the involvement of KCa1.1 in Ang-II-mediated neuroexcitation, the changes in AP waveform was analyzed. The results ( Figure 7 , center table) showed that AP duration at 50% was prolonged (P<0.01) with significant increase in AP firing threshold (P<0.01) and dramatic reduction in downstroke velocity (DV MAX ; P<0.01; Figure 7B ) in identified Ah-type BRNs in the presence of 100-nmol/L Ang-II, which were not further changed by additional 100-nmol/L iberiotoxin (IbTX; Figure 7C ), but abolished by 300-nmol/L PD ( Figure 7D ). These data suggested that the effects of Ang-II on discharge profiles are likely to be mediated by KCa1.1. 32, 33 To test this hypothesis, whole-cell K + currents were recorded with the presence of Ang-II and IbTX, respectively (Figure 7E-7H) and results showed that Ang-II-sensitive and IbTX-sensitive K + components were identical in terms of current density and showed similar voltage dependency ( Figure 7H ). The synergistic action between Ang-II and IbTX on K + currents was not observed, indicating that the effect of Ang-II on K + currents is mediated presumably through KCa1.1.
Expression Patterns of mRNA and Protein of AT 1 R and AT 2 R in NTS
On the principle of one on one connection and never mixed neurotransmission among afferents between NG and NTS, the Ah-type BRNs were also reported in NTS, 20 the center for BP regulation in brain stem ( Figure S1 ). Therefore, the sex difference in mRNA and protein expression of AT 1 R and AT 2 R were also speculated in NTS. Our data showed that both mRNA and protein expression of AT 1 R were lower in females (P<0.05) and upregulated by ovariectomy (P<0.05, Figure 8A and 8C). In the case of AT 2 R, even though no significant difference was observed between male and age-matched females, its mRNA and protein expressions were both downregulated in ovariectomized female rats (P<0.05; Figure 8B and 8D).
Discussion Sex Difference in Expression of ATRs
AT 1 R and AT 2 R widely expressed in cardiovascular system and play an opposite role in BP regulation. Increasing evidences have shown that AT 2 R is a key player in lowering BP in females, 10, 34 and AT 2 R-mediated sex difference in BP homeostasis through cardiac and renal systems has also been confirmed. 4, 10, [34] [35] [36] [37] However, it is largely unknown whether baroreflex is also involved in AT 2 R-mediated sex-specific neurocontrol of circulation. The first and second order of Arterial BP was measured twice daily and the values were averaged. Open and closed symbols represent data from individual male and female rats, respectively. Boxes represent the 5% and 95% percentile (lower and upper border) with the median indicated by the horizontal line within each box. Vertical bars above and below each box are the 95% and 5% percentile, respectively. Mean BP in female rats before ovariectomy was significantly lower than that in age-matched male rats, and this difference disappeared at 5 weeks after ovariectomy. The BP in ovariectomized (OVX) rats was restored to pre-OVX levels afterBRNs housed in NG and NTS are key elements within the baroreflex afferent pathway to provide the homeostatic regulation of the cardiovascular system. Therefore, elucidating the distribution and expression patterns of AT 1 R and AT 2 R in these locations would provide fundamental evidence for fully understanding the possible roles of ATRs in controlling BP on autonomic aspects. In this study, molecular data demonstrate that both mRNA and protein expressions of AT 2 R in NG (Figure 1 ) are significantly higher in females compared with age-matched males, and mRNA level of AT 2 R was downregulated by ovariectomy and recovered by 17β-E 2 . Interestingly, no similar observation is found for AT 1 R. These data are consistent well with our immunohistochemical data (Table S1 ) of higher AT 2 R in females, and also supported by the fact that ovariectomy-mediated BP elevation can be reversed by 17β-E 2 treatment from our study ( Figure 4 ) and others, 5 suggesting that relatively higher expression of AT 2 R in the first order BRNs of female rats may play a dominant role in lowering BP and may well explain our recent finding of sexual dimorphism in aortic baroreflex afferent pathway. 24 NTS is the cardiovascular center receiving afferent signals to integrate information including those from baroreceptor endings; therefore, any differences in distribution and expression of mRNA and protein of ATRs are crucial to maintain the baroreflex integrity in NTS and may explain at least partially the sexual dimorphism in baroreflex. 24 The observations from RT-PCR and Western blot indicate that relatively larger expressions of AT 1 R in males and AT 2 R in females are recognized, respectively (Figure 8) . Interestingly, from a physiological point of view, the NTS that receives and relays the pressor signals to the higher order of neurons in the central nervous system plays a synergistic effect with NG on BP regulation mediated through more AT 2 R in NG and less AT 1 R in NTS, which eventually balance the pressor response toward the increase in parasympathetic activity. In addition, the female hormone-dependent expression patterns of AT 1 R and AT 2 R in both NG and NTS are clear, which exactly match the changing pattern of BP during menopausal. 2, 5, 38, 39 Unique Expression of AT 2 R in Myelinated Ah-type BRNs Although a sex difference in AT 2 R expression is identified at first order BRNs, we still do not know the neuron-specific distribution of this receptor simply because vagal ganglion is composed of multiple cell types, including the low-threshold and sex-specific distribution of myelinated Ah-type BRNs, 13, 15, 17, 21 and traditionally classified myelinated A-and unmyelinated C-types. 14, 29, 40 Thus, it would be extremely important for us to evaluate the AT 2 R expression in identified single cells to understand the cell-specific function in sexual dimorphism of baroreflex. Single-cell RT-PCR data showed that all BRNs isolated from females coexpressed AT 1 R/AT 2 R, whereas AT 2 R expressed in Ah-types was at least 7-fold higher (P<0.01, Figure 2C and 2D) than that in A-and C-type BRNs, suggesting that this lowthreshold and sex-specific distribution of myelinated Ah-type BRNs may play a leading role in lowering BP in females.
AT 2 R-Mediated KCa1.1 Inhibition and Neuronal Membrane Excitability
It has been well documented that the afferent signal of BP raised from baroreceptor endings located around aorta is encoded into the train/sequence of AP, that is, higher frequency of repetitively Figure 6 . Effects of angiotensin-II (Ang-II) on I Ca,N in Ah-type baroreceptor neurons (BRNs) identified by afferent conduction in nodose slice preparation (A) with cell-attached and voltage-clamp configuration, Vagus stimulation (▲) evoked a fast afferent conduction with the second peak of the current (*) as the repolarization hump during the recovered phase, which is identified as Ah-type BRNs. B, After complete perfusion with the solution designed for I Ca,N , the currents were collected before and after 100-nmol/L Ang-II or Ang-II+1.0-μmol/L ω-Conotoxin GIVA (ω-CTX). C, The current-voltage relationship of I Ca,N before and after treatments is shown in B. D, The summarized data of I Ca,N in the presence of 1.-μmol/L 17β-estradiol (17β-E 2 ; E 2 ), 100-nmol/L G1, and 17β-E 2 +300-nmol/L G15, or 30-μmol/L losartan (Los, a selective blocker for AT 1 R), 100-nmol/L PD123319 (PD, a selective blocker for AT 2 R), Los+PD, and 100-nmol/L pertussis toxin (inhibitor for G-protein-coupled receptor) on the top of 17β-E 2 in Ah-type BRNs from female and male rats. Averaged data were presented as mean±SD, n=11 or n=4 Ah-types from 5 or 12 slice preparations, respectively. *P<0.05 and **P<0.01 vs control; †P<0.05 vs 17β-E 2 .
AP firing encodes stronger BP signal, which will lead to lowering of BP by baroreflex through negative feedback mechanism. 24, [41] [42] [43] [44] Accordingly, we have a strong reason to think that Ang-II may excite low threshold and sex-specific distributed Ah-type BRNs and consequently play a dominant role in lowering BP through baroreflex afferent pathway. Our recordings showed that the firing frequencies of Ah-and C-type BRNs, but not A-types, are significantly increased in the presence of Ang-II ( Figure 5 ). Ang-II-mediated increase in neuroexcitability of nodose neurons 27 has been reported. However, the authors have not identified the afferent fiber types of targeted neurons. An opposite effect of Ang-II on neuroexcitability was also reported. 36 Early study 28, 29 demonstrated that similar I Ca,N functionally expressed on either A-or C-type neurons and indirectly mediated the neuroexcitation in C-types, rather than A-types, through the coupling between N-type Ca 2+ channel and KCa1.1. 33 Interestingly, both I Ca,N from the current observation and KCa1.1 from our previous investigation 19 have been confirmed by electrophysiological and pharmacological approaches, which provide a fundamental molecular basis to support the Ang-II-mediated neuroexcitation. Importantly, 17β-E 2 -dependent and AT 2 R-mediated inhibition of I Ca,N in low threshold and sex-specific subpopulation of Ah-type neurons would be a key player in sex-specific dimorphism in neuroexcitation of baroreflex afferent pathway. To better understand the ionic mechanism involved in Ang-II-induced neuroexcitation in Ah-types, the APs collected before and after Ang-II (Figure 7 ) are superimposed and the results indicate that, in the presence of Ang-II, AP duration at 50% was increased (P<0.01) with slow rate of repolarization (DV MAX , P<0.01), which was also revealed by reduction in total outward currents (the positive portion of phase plots) without any other changes in discharge profiles ( Figure 7, center table) . The effect of Ang-II on AP duration at 50% was not further prolonged by IbTX on top of Ang-II, but completely reversed by PD, suggesting AT 2 Rmediated KCa1.1 inactivation is presumably involved, which results in an increase in neuroexcitability. 33 Our voltage-clamp study demonstrated that Ang-II-sensitive component is well equivalent to the IbTX-sensitive portion of K + currents. These data proved our hypothesis that AT 2 R activation-induced functional downregulation of KCa1.1 is responsible for Ang-II-induced membrane excitation in Ah-type BRNs.
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Perspectives
Collectively, unique and sex-dependent expression of AT 2 R in low threshold and sex-specific distribution of myelinated Ah-type BRNs puts Ah-type BRNs in a central place in afferent sexual dimorphism of baroreflex function by enhancing its neuroexcitability through AT 2 R-mediated KCa1.1 inactivation. • Sex difference in distribution of angiotensin-II type-2 receptor has been confirmed on nodose ganglia/nucleus of tractus solitary and the mechanism at level of baroreflex afferent pathway is well documented.
• Unique expression of angiotensin-II type-2 receptor was identified in low threshold and sex-specific myelinated Ah-type baroreceptor neurons isolated from adult female rats, which the neuroexcitability is closely related with 17β-estradiol level.
What Is Relevant?
• Angiotensin-II-mediated N-type Ca 2+ currents inhibition leading to KCa1.1 reduction during the repolarization via angiotensin-II type-2 receptor activation contribute significantly to the increase in neuroexcitation in Ah-type baroreceptor neurons.
conductance of Ca 2+ -activated-K + channel, were all from Sigma (St Louis, US). Stock solutions were made in distilled water and stored at -20°C until diluted in bath solution on the day of the experiment.
Surgical ovariectomy
The surgery was performed following protocols described in details previously. 1 Briefly, anesthetized animals (combination of xylazine 10 mg/kg and ketamine 75 mg/kg) were placed in a lateral position, and both flanks were shaved and cleaned using chlorhexidine scrub and disinfected with 70% ethanol and povidone-iodine (7.5%). A 2.0-cm incision was made on the left lateral side along a line spanning from the 2 nd to the 5 th lumbar vertebra, using a scalpel blade. The left ovary and associated fat were located and externalized by gentle retraction. After removal of the ovary, the peritoneal cavity, muscle layers, and skin were closed successively with 4-0 absorbable sutures and then penicillin (80000 Units) was given via intramuscular injection. The same procedure was repeated for removal of the right ovary. After recovering from anesthesia, the animals were monitored for at least 30 min to ensure that there was no bleeding from the surgery, and then were returned to the animal facility. Four weeks after ovariectomy, the animals were sacrificed for experimental use.
Isolated neuron preparation
Isolation procedure was described in details previously. [2] [3] [4] Briefly, after both sides of nodose ganglia were surgically removed they were cut into six pieces of each ganglion and then placed in cold nodose complete medium (NCM) composed of Mito Collagenase type-II (Worthington) in Earle's balance salt solution (Sigma) at 37 °C for additional 30-35 min depending upon the animal age. The enzyme solution was replaced with NCM containing 1.5 mg/ml albumin (Bovine, Sigma) and the ganglia were dissociated by trituration with fire-polished pipettes. Cell suspension was placed on poly-D-lysine (Sigma, San Louis, USA)-coated glass coverslips and cultured at 37°C moisture environment for at least 4 h before recording and used within 24 h after plating.
Aortic Depressive Nerve Labeling
To verify the afferent modality of baroreceptor afferents, the aortic depressive nerve (ADN) was fluorescently labeled with Dil in a cohort of female rats at least 2 weeks prior to electrophysiological experimentation according exactly to the literature.
5, 6
Electrophysiology Whole-cell patch 3, 4 was conducted using an Amplifier 200B or 700B (Axon Instruments, Union City, USA). Borosilicate glass pipettes (BF150-86-10; Sutter, Novato, USA) were pulled (P-97, Sutter, USA) and polished (F-83, Narishige, Japan) down to a resistance of 1.2-1.8 M. Following correction for all offsets, a giga-ohm seal was formed and the pipette capacitance was compensated. Total cell capacitance (30-50 pF) and electrode access resistance (3-5 M) were also compensated (60-80%). For neuron identification and testing the effect of Ang II on discharge profiles, a single AP and repetitive discharge were elicited under current-clamp mode by a brief current pulse and step depolarization. Recordings were low pass filtered to 10 KHz and digitized at 50 KHz. Experimental protocols, data collection, and preliminary analysis were performed using pCLAMP 10.3 and Digidata 1440A (Axon Instruments, Union City, USA). Corrections for liquid junction potentials were taken into consideration before final data analysis. Following the neuronal identification, Ang II-induced inward currents were also tested using gap-free protocol under voltage-clamp mode with holding potential at -60 mV. After control recordings, Ang II was applied through bath perfusion at flow rate no more than 1 ml/min and induced change in membrane currents were recorded. Lowest (10 nM) concentration of Ang II was first applied to the tested cell and then higher concentration of the peptide after completely washout by recording solution. 30 M Losartan (Los, a selective antagonist for AT 1 R) or 100 nM PD123319 (PD), selective antagonist for AT 2 R, were also applied. In this case, Ang II-induced inward currents were repeated under the same protocol in the presence of Los or PD, respectively.
For potassium (K + ) current recording, the tested neuron-type was firstly identified by AP profiles; after completely perfusion with the solution for K + current, the protocol was then switched to voltage-clamp mode with holding potential at -80 mV and 400 ms depolarization was stepped from -70 mV to +40 mV with 5 mV increments and 1 s interval between steps. K + currents were collected before and after 100 nM Ang II or 100 nM iberiotoxin (IbTX, a selective blocker for BK-KCa/KCa1.1 channel). Ang II-and IbTX-sensitive components were obtained by subtraction.
After each test, 100 nM capsaicin (Cap) was applied to further confirm the afferent fiber type of tested neurons. 
Recording solutions
Neurons identification
Real-time quantitative PCR in tissue level
For SYBR Green RT-PCR, 4 SD rats were used to harvest total nodose ganglion mRNAs in each group. Total RNAs were extracted using the TRIzol® Reagent (Invitrogen) according to the manufacturer's instructions. The cDNAs were synthesized using the Reverse Transcription Kit (Applied Biosystems). Quantitative PCR reactions were run on an ABI 7500 fast Real-Rime PCR System (Applied Biosystems). The primers (Invitrogen) were used as follows: 5'-GCATCATCTTTGTGGTGGGA-3' (forward) and 5'-ACATAGGTGATTGCCGAAGG-3' (reverse) for AT 1 R; 5'-GGCAGATAAGCATTTGGAAGC-3' (forward) and 5'-CCACAGCCAGATTGAAGATG-3' (reverse) for AT 2 R. GAPDH was used as an internal control. The primer sequences for GAPDH were: 5'-GAACATCATCCCTGCATCCA-3' (forward) and 5'-CCAGTGAGCTTCCCGTTCA-3' (reverse). The 2 −ΔΔCt method was applied for the data analysis and the data were normalized and converted into relative mRNA expression.
Western blot analysis
For each group, nodose ganglion tissues were collected from 10 rats. The total protein was extracted using lysis buffer (Beyotime Biotechnology Institute, China) containing 1% protease inhibitor solution (Beyotime). Protein concentrations were measured using the Sunrise-Basic Tecan microplate reader (Austria) and BCA Protein Assay Kit (Beyotime) according to the manufacturer's instruction. The protein samples after boiling for 5min were fractionated by 10% SDS-PAGE gel and then transferred to NC membrane that was blocked by 5% non-fat dry milk at 4°C overnight followed by another overnight incubation at 4°C with the primary antibody (Alomone lab, Jerusalem, Israel). The membrane was then incubated with the second antibody (mouse antibody) at room temperature for 50 min. Bound bands were captured on the Odyssey Infrared Imaging System (LI-COR Biosciences) and quantified with Odyssey v1.2 software by measuring the band intensity (area × OD) and normalizing to the internal control. Negative controls were performed by pre-incubation of the antibodies with the respective peptide antigen according to the manufacturer's instructions. Single-cell quantitative Real-time PCR After recording the AP for identifying the subtypes of VGNs as mentioned above, individual identified neuron was aspirated into a large-diameter pipette (3-7 μm) with ~2 μl of DEPC treated water in the tip and then immediately transferred into 5 μl of DEPC treated water at the bottom of the 0.2 ml EP tube, which was then stored at -80°C immediately for further analyze. SuperScript TM III CellsDirect cDNA Synthesis System (Invitrogen) was used to obtain cDNA. The other experimental conditions and analytic method are the same with the tissue RT-PCR. The mRNA expression is based on the threshold cycles (Ct) and the appearance of GAPDH Ct proved the cells are successfully transferred into the EP tube.
Immunohistochemical analysis
Isolated the vagal ganglions and fixed with 4% paraformaldehyde at 4C. Before cut the tissues, put them into 30% sucrose at 4C overnight. Ganglia were then embedded and placed in a -80C freezer for 1 hour before being sectioned into a thickness (6 μm) using the cryostat (LEICA cm 1850). After air dry 30 min, tissues were incubated in PBS containing 1% BSA and 0.4% Triton X-100 (Sigma, St. Louis, MO, USA) for 1 h at 37C. Sections were rinsed twice in PBS for 5 minutes immediately. After blocking in normal goat serum at 37C for 2 h, tissues were incubated with primary antibodies including AT 1 R (Alomone 1:50, AAR-011-AO) or AT 2 R antibody (Alomone 1:100, AAR-012) with HCN1 (sigma 1:100) diluted in PBS that was contained 2% BSA and 10% goat serum at 4C overnight. Afterward, sections were incubated in secondary antibodies (Alexa Fluor 488 goat anti-mouse IgG an d 594 goat anti-rabbit IgG 1:200; molecular probes) diluted in PBS for 1 h at 37C. The sections wer e then washed three final times in PBS briefly and Add 4',6-diamidino-2-phenylindole (DAPI) (mole cular probes 1:50, D1306 ) diluted in PBS for 15 minutes at room temperature. After mounted the sli des, confocal microscopy was performed with a Nikon E600 microscope with a SPOT RT digital ca mera and its associated software (Diagnostic Instruments). Images were captured with 20x / 0.80 (NA) oil lenses/objective to determine the cells.
Blood pressure measurement
In this experiment, artery blood pressure was measured indirectly through tail artery (BP-98A, Softron, Japan) twice a day (morning and afternoon) to avoid the blood pressure difference during the day. In order to have accurate blood pressure collection, all rats (n = 10 for each gender) used in this study underwent baseline blood pressure measurement for two weeks (6 days per week) for them to adapt the experimental environment and the noise from the equipment. 10 stable measurements were collected from one rat each day and given an averaged value, and the values from 10 rats were averaged again as one data point and total 6 data points of each week (illustrated in figure 4 ). Blood pressure was measured only for two week in male rats to show the difference in blood pressure compared with age-matched females. After the first two weeks adaptation/baseline blood pressure collection, all female rats underwent the ovariectomy and maintained for 4 weeks to ensure the endogenous female hormone metabolized completely. At the fifth week following OVX, blood pressure was monitored again and 17β-estradiol (17β-E 2 ) was administrated via subcutaneous injection (10 μg/kg, once daily) delivered in 200 μl sesame oil 8 for another 3 weeks, through which the blood pressure was measured every day.
Figure S2: Immunohistochemistry Analysis Methods
Images captured under the fluorescence microscope were analyzed by Image-pro plus. Before taking the measurements, determinated the most suitable space colour model (RGB) for analysing each image, and of colour ranges for positive and negative objects. After keeping the presence of background and its stain intensity in image, selected the Irregular Area of Interest (AOI) tool to manually outline objects, which encompassed the colors and holes. When the tracing operations were performed, the requested measurements were selected from Measuremenu for all recorded objects. Subsequently, this data sheet could be viewed by selecting the Measurement Data from the Viewmenu.However, there was no obviously related with the number of cells. Figure S3 ). Compared with AT 2 R, the immunofluorescence for AT 1 R was also detected in all afferents, interestingly, the fluorescent intensity was presented at cytoplasmic areas for both afferents in female and OVX rats, whereas, the fluorescence of HCN1-positive and HCN1-negative neurons located at cell cytoplasmic and membrane areas, respectively, in males. 2 HCN1-negative or 2 HCN1-positive neurons are presented as presumably unmyelinated (C-type, blue arrow) or myelinated (A-or Ah-type, white arrow) afferent neurons, respectively. 4',6-diamidino-2-phenylindole (DAPI) staining was used to label nuclei. Top row: female; center row: male; bottom row: OVX. Left column: DAPI, the 2nd left column: AT 1 R, the 2nd right column: HCN1, and the right column: merge. Scale bar = 35 m. 
